Introduction {#Sec1}
============

The 2019 severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has emerged as a new respiratory pathogen and is responsible for large-scale morbidities and mortalities around the globe. It is caused by a single positive-stranded RNA virus from the coronavirus (CoV) family of *Coronaviridae* (Ludwig and Zarbock [@CR21]). This family is composed of four genera out of which α- and β-CoV can infect mammals including humans (Ludwig and Zarbock [@CR21]). These two strains are reported to be originated from *Rousettus leschenaultia*, i.e. a bat species (Lau et al. [@CR19]; Valencia [@CR38]). SARS-CoV-2 is identified as β-CoV (Valencia [@CR38]) and is responsible for coronavirus disease 2019 (COVID-19). These viruses are wrapped in host cells-derived lipid membranes in which viral surface proteins are embedded. One of these surface proteins known as spike \[S\] protein protrudes out of membranes and give a characteristic crown/halo-like appearance to the virus when observed under the electron microscope hence, named coronavirus (Latin word meaning: garland/crown) (Ludwig and Zarbock [@CR21]). Once the virus gains entry into the respiratory tract, SARS-CoV-2 causes damage to epithelial cells of the airways making lungs unable to clear dirt and mucus which can lead to pneumonia. Clinical symptoms of COVID-19 include fever (approx. 99% of cases), chills, dry cough (observed in approx. 59% cases), sputum production (observed in approx. 27% cases), fatigue (observed in approx. 70% of cases), lethargy, arthralgia, myalgia (observed in approx. 35% cases), headache, dyspnoea (approx. in 31% of cases), nausea, vomiting, anorexia (approx. 40% cases), and diarrhoea (approx. 2% cases) (Yang et al. [@CR42]). In the extreme cases, patients experience a dramatic increase in the levels of pro-inflammatory chemokines and cytokines including IL-6 and TNF-α, a condition known as "cytokine storm". This leads to the development of acute respiratory distress syndrome (ARDS), septic shock, metabolic acidosis, coagulation dysfunction, and even death (Yang et al. [@CR42]). There is no clear, unified, and effective treatment plan for COVID-19 but various approaches are being tried depending upon various sign and symptoms of individual patients. Inhibition of virus entry into the host cell via affecting glycosylation of ACE2 receptors in pulmonary cells as well as through inhibition of S protein priming and endocytosis (Gao et al. [@CR10]; Hoffmann et al. [@CR14]), blockage of RNAdependent RNA polymerase thus halting viral replication (Gao et al. [@CR11]), and increasing pH of pulmonary cells (alkalinisation) and endosomes thus disrupting viral replication as well as endosomes functions are among the few mechanisms through which currently studied drugs are known to act against SARS-CoV-2 (Valencia [@CR38]). Use of convalescent plasma and IL-6R blocker tocilizumab (a recombinant humanized anti-human IL-6 receptor monoclonal antibody) either alone or in combination with different classes of drugs are also under clinical trials and have shown clinical improvements (Girija et al. [@CR12]; Rothan and Byrareddy [@CR28]; Yang et al. [@CR42]). Currently, there is no vaccine available for SARS-CoV-2, but clinical trials are on the way to test the efficacies of multiple newly formulated vaccines; however, this will take some time to develop.

An in vitro study conducted by Hoffmann and colleagues revealed that SARC-CoV-2 depends on cellular serine protease (TMPRSS2) for S proteins priming which are known to interact with human ACE2 receptors in the lungs and facilitate entry into the cells. Data of this study showed that blockage of TMPRSS2 by camostat mesylate inhibited infection of cells in in vitro assays. Moreover, it was also found that SARC-CoV-2 viruses also utilize endosomal cysteine proteases, cathepsin B and L (CatB/L), for S protein priming (Hoffmann et al. [@CR14]). Wang and colleagues used clinical isolates of SARC-CoV-2 (2019-nCoV) to evaluate the anti-SARC-CoV-2 efficacy of five FDA-approved drugs, i.e. ribavirin, penciclovir, nitazoxanide, nafamostat, chloroquine, and two well-known broad-spectrum antiviral drugs remdesivir (GS-5734) and favipiravir (T-705). African green monkey kidney cells (Vero E6) were exposed to SARC-CoV-2 in the presence of different concentrations of these drugs. RT-PCR techniques were used to quantify viral load by copy number estimation in the cell supernatants. Among these drugs, remdesivir, an adenosine analogue and chloroquine, were found to be highly effective in blocking the infection of African green monkey kidney cells (Vero E6, both drugs) and human lung cancer cells (Huh-7, remdesivir only) by SARC-CoV-2 (Wang et al. [@CR40]). Chloroquine (CQ) and hydroxychloroquine (HCQ) have been shown to block the release of the viral genome by inhibiting the transport of SARS-CoV-2 from early endosomes (EEs) to endolysosomes (ELs). Moreover, CQ has been known to elevate the pH of the endosomes, thus halting endosomal maturation and ultimately failure in the transport and release of SARC-CoV-2. HCQ has also been proposed to halt the production of pro-inflammatory cytokines in COVID-19 patients (Liu et al. [@CR510]).

Essential oils (EOs) are comprised of a complex mixture of volatile phytochemicals from diverse classes including monoterpenes, sesquiterpenes, and phenylpropanoids. Numerous researchers have studied the antibacterial, antifungal, antioxidant, and antiviral properties of EOs. These EOs are found to be active against a wide variety of viruses, such as influenza virus (IFV), human herpesviruses (HSV), human immunodeficiency virus (HIV), yellow fever virus, and avian influenza (Ma and Yao [@CR22]). HSV (-1 and -2) are known to cause many life-threatening diseases in humans and are one of the major reasons for mortality in immunocompromised patients. HSV-1 is majorly responsible for HSV-induced lesions in the oral cavity and epidermis, while HSV-2 causes genital herpes, a sexually transmitted disease. An in vitro study conducted by Schnitzler and colleagues showed that lemon balm oil inhibited plague formation of HSV-1 and HSV-2 viruses in a dose-dependent fashion. Moreover, at higher concentrations it abolished the viral infectivity almost completely (Schnitzler et al. [@CR31]). Pre-treatment with EOs obtained from *illicium verum, Melaleuca alternifolia*, *Leptospermum scoparium*, and *Matricaria recutita* was found to inhibit the infective ability of acyclovir-sensitive and -resistant HSV stains, indicating the immense antiviral potential of EOs (Schnitzler et al. [@CR32]). Anti-IFV properties of liquid and vapour forms of EOs obtained from various plant species were studied using in vitro techniques. Vapours of EOs obtained from *Citrus bergamia*, *Eucalyptus globulus*, and their isolated compounds, i.e. citronellol and eugenol showed rapid anti-IFV actions. While in liquid form, EOs obtained from *Cinnamomum zeylanicum*, *Citrus bergamia*, *Cymbopogon flexuosus*, and *Thymus vulgaris* showed better anti-IFV properties i.e. 100% inhibitory activity at 3.1 µL/mL as compared with others. Vapour form of EOs was also found to be safe against monolayers of epithelial cells. The study concluded that EOs in vapour form could benefit people suffering from influenza (Vimalanathan and Hudson [@CR39]). Carvacrol and its isomer thymol obtained from oregano have been shown to inhibit viral host cell fusion via depletion of viral cholesterol from the HIV-1 envelope membranes, thus blocking the entry of the virus into the host system (Mediouni et al. [@CR24]).

Owing to the lipophilic nature of EOs, these have the potential to intercalate into the lipid double layer of the viral envelope. Subsequently, the fluidity of the membranes is changed and, at a higher concentration, the membranes are even ruptured (Wink [@CR41]). Major mechanisms through which EOs induce antiviral actions are, direct actions on free viruses, inhibition of steps involved in virus attachment, penetration, intracellular replication, and release from host cells and inhibition of vital viral enzymes (Ma and Yao [@CR22]; Schnitzler et al. [@CR32]). Keeping in view the diverse antiviral actions of EOs, various claims were made by the EOs manufacturers/suppliers as an effective therapy against COVID-19. In this regard, research activities were conducted to check the anti-SARC-CoV-2 efficacies of EOs. The current review compiles available scientific information about the possible beneficial effects of EOs in COVID-19.

Search methodology {#Sec2}
==================

Selection criteria for studies {#Sec3}
------------------------------

The current review provides precise and comprehensive information on the essential oils and their possible contribution in the prevention and treatment of COVID-19. All available information was collected via an electronic search of different scientific sources including PubMed (<https://www.pubmed.ncbi.nlm.nih.gov>), ScienceDirect (<https://www.sciencedirect.com>), Google Scholar (<https://www.googlescholar.com>), Scientific Electronic Library Online (SciELO) (<https://www.scielo.org>), Cochrane library (<https://www.cochranelibrary.com/>), and clinical trials database (<https://www.clinicaltrials.gov>). The study database encompassed articles of peer-reviewed journals, books, thesis, dissertations, various patents, and supplementary reports covering anti-SARC-CoV-2 properties of traditionally used essential oils. The authors opted the following keywords to find relevant studies: "essential oils", "antiviral", "COVID-19", "SARC-CoV-2", "bronchodilation", "immunomodulatory'', "anti-inflammatory'', "corona virus''. These terms were used alone or in combination using Boolean operators ("and", "or", "not"). Essential oils having scientifically established antiviral activities against SARC-CoV-2 in in vitro, docking models, or in clinical settings were selected for reporting. Essential oils having antiviral activities against other viruses and lacking any scientific evidence against SARC-CoV-2 were excluded.

Results and discussion {#Sec4}
======================

Enveloped viruses are known to respond sensitively to essential oils (Schnitzler et al. [@CR32]) which formed the basis of this work.

Eucalyptus oil {#Sec5}
--------------

Essential oils obtained from eucalyptus (*Eucalyptus globulus*) are traditionally used to treat various respiratory ailments including pharyngitis, bronchitis, and sinusitis. Eucalyptus oil and its active constituent, 1,8-cineole have been shown to exhibit muscle relaxant effects by decreasing smooth muscle contractions of airways induced by different agents (Bastos et al. [@CR47]; Coelho-de-Souza et al. [@CR48]). Moreover, clinical studies have indicated that inhalation of cineole (extracted from eucalyptus) exerted anti-inflammatory (by blocking cytokines release) and analgesic effects; hence, it can be effectively used in COPD and asthmatic patients (Juergens et al. [@CR17]). Eucalyptus oil is reported to have in vitro antiviral activities against various strains of viruses including enveloped mumps viruses (MV) and herpes simplex viruses (HSV-1 and HSV-2) (Lau et al. [@CR19]). Brochot and colleagues also reported the antiviral activities of eucalyptus oil and its active constituent, i.e. 1,8-cineole (eucalyptol) against influenza A (H1N1) virus in in vitro assays. Both essential oil and 1,8-cineole were proposed to inactivate free influenza A virus and disrupt the envelope structures of virus (Brochot et al. [@CR6]). 1,8-cineole is also shown to protect mice against the HSV-2 virus (Bourne et al. [@CR5]). Having established the antiviral activity of eucalyptus oil and eucalyptol against respiratory viruses, multiple researchers have attempted to explore the antiviral efficacy of eucalyptus oil and its active ingredients against SARC-CoV-2 using in vitro assays and molecular docking techniques. Sharma and colleagues used molecular docking techniques to study the effects of jensenone, one of the active constituents of eucalyptus oil, on viral proteinase (Mpro/3CLpro). Data obtained showed that jensenone formed complex with Mpro via hydrophobic interactions with ALA7, PRO52, TRP207, LEU29, TRY126, and PRO184; hydrogen bond interactions with M4, V18, L30, D10, and T16; and ionic interactions with LYS3, ASP34, ARG38, and HIS163 (Sharma and Kaur [@CR49]). Sharma and colleagues also predicted (preprints) the anti-proteinase efficacy of 1,8-cineole (eucalyptol), another active constituent of eucalyptus oil, using molecular docking techniques. Data obtained showed that 1,8-cineole can bind with Mpro and thus can inhibit viral reproduction. Mpro/eucalyptol complexes were shown to form hydrophobic interactions, hydrogen bond interactions, and strong ionic interactions, respectively (Sharma and Kaur [@CR33]). However, in vitro enzymes assays, and animal models are suggested to confirm the efficacy of jensenone/ 1,8-cineole against SARC-CoV-2 proteinase. Among these two compounds, 1,8-cineole is more extensively studied for its pharmacological potentials against various respiratory ailments (Juergens et al. [@CR16]). 1,8-cineole (eucalyptol) is one of the components of Vicks VapoRub™ which is known to have nasal decongestant effects when applied to nose or inhaled as vapours in warm water. Juergens and colleagues conducted a double-blind clinical trial to check the efficacy of 1,8-cineole in steroid-dependent bronchial asthma patients. Data of long-term studies showed 36% reduction of steroid dose in asthma patients receiving 1,8-cineole than placebo control group. 1,8-cineole was suggested to have profound bronchial anti-inflammatory activity in severe asthmatic patients (Juergens et al. [@CR16]). A recent review highlighted the favourable safety and efficacy profile of eucalyptol (1,8-cinoele) in numerous multi-centre, double-blinded, and randomized clinical trials conducted in Germany in patients having acute and chronic respiratory conditions including rhinosinusitis, bronchitis, COPD, and asthma, respectively (Juergens et al. [@CR17]).

A study conducted by Merad and colleagues showed that almost all COVID-19 positive patients have lung abnormalities. Abnormal and overactive inflammatory responses to SARS-CoV-2 are proposed to be the major causes of disease severity and death in COVID-19 patients. This hyper-inflammatory state is associated with increased levels of circulating cytokines, profound lymphopaenia, and substantial mononuclear cell infiltration in the lungs and other organs including heart, spleen, lymph nodes, and kidneys. The systemic cytokine profiles observed in patients showed increased production of cytokines such as IL-6, IL-7, and tumour necrosis factor (TNF) and many other pro-inflammatory cytokines (Merad and Martin [@CR25]). Various in vitro and ex vivo studies were conducted to study the effects of eucalyptus oils and eucalyptol treatments on monocytes and macrophage recruitment in response to lung inflammation and infections. Data of these studies demonstrate marked immunomodulatory properties of both eucalyptus oil and its active ingredient, i.e. eucalyptol. Both treatments reduced the release of pro-inflammatory cytokines from monocytes and macrophages, but their phagocytic properties were not halted (Juergens et al. [@CR17]; Sadlon and Lamson [@CR30]). Eucalyptol is also known to have mucolytic and bronchodilatory properties (Juergens et al. [@CR17]). Interestingly, eucalyptus oil has also been shown to have disinfection properties and inhibited the growth of viruses on various utensils and filter devices (Usachev et al. [@CR37]). Taken together, data from both preclinical and clinical trials point towards the promising therapeutic potential that resides in eucalyptus oil and its active constituent, i.e. eucalyptol in the prevention and treatment of COVID-19. Therefore, further studies are urgently warranted in this regard.

Garlic oil {#Sec6}
----------

Garlic has been used as a medication to treat common cold, influenza, and other kinds of infections for centuries. Garlic oil was chemically analysed by the GC--MS method and 18 compounds were identified, out of which allyl disulphide (28.4%), allyl trisulphide (22.8%), allyl (*E*)-1-propenyl disulphide (8.2%), allyl methyl trisulphide (6.7%), and diallyl tetrasulphide (6.5%) were identified as the main constituents of garlic essential oil. 17 compounds were studied for their activities against ACE2 protein and viral main protease (Mpro/6LU7) of SARC-CoV-2. ACE2 is involved in the viral invasion of host cells, while Mpro is involved in viral replication. All the 17 compounds studied showed interactions with host protein (ACE2) as well as with viral proteases, indicating that garlic oil has great potential to treat COVID-19 patients (Thuy et al. [@CR36]). Virus-induced oxidative stress plays a critical role in the viral life cycle as well as in the pathogenesis of viral diseases. This leads to the activation of host antioxidant pathways including nuclear factor erythroid 2p45-related factor 2 (Nrf2) (Lee [@CR20]). Nrf2 transcription factor is known to control the expression of various genes involved in antiviral actions (McCord et al. [@CR23]). A study conducted by McCord and colleagues showed that potent Nrf2 activation by PB125^®^ compound downregulated ACE2 and TMPRSS2 mRNA expression in human liver-derived HepG2 cells. Both of these proteins are recognized to play a major role in the entry of SARS-CoV-2 into host cells. Furthermore, treatment of primary human pulmonary artery endothelial cells with PB125^®^ downregulated 36 genes controlling the expression of majority of cytokines identified in the "cytokine storm" during COVID-19 severe cases. The authors suggested that Nrf2 activation may significantly decrease the intensity of the cytokine storm in COVID-19 patients (McCord et al. [@CR23]). Diallyl sulphide (DAS), one of the active constituents of garlic, has been shown to induce Nrf2 activation in lung MRC-5 cells. Activated Nrf2 after translocation into nuclei triggered p38/ERK-signalling pathways and is thus suggested to prevent oxidative stress-induced lung injury (Ho et al. [@CR13]; Patel et al. [@CR26]). Thus, on the basis of these docking and in vitro studies, it is proposed that garlic essential oils and their isolated constituents, especially DAS, have potential to prevent the entry of virus into host cells as well as to activate molecular antioxidant pathways that decrease the secretions of culprit pro-inflammatory cytokines.

(*E*,*E*)-α-farnesene, (*E*)-β-farnesene, and (*E*,*E*)-farnesol {#Sec7}
----------------------------------------------------------------

A study conducted by Silva and colleagues screened the potencies of 171 essential oil components against different SARC-CoV-2 proteins including main viral proteases (Mpro), endoribonuclease (SARS-CoV-2 Nsp15/NendoU), ADP-ribose-1-phosphatase (SARS-CoV-2 ADRP), RNA-dependent RNA polymerase (SARS-CoV-2 RdRp), spike proteins (SARS-CoV-2 rS), and human angiotensin-converting enzyme (hACE2) protein using molecular docking techniques (Silva et al. [@CR35]). Among the 171 screened compounds, (*E*,*E*)-α-farnesene, (*E*,*E*)-farnesol, and (*E*)-nerolidol showed better binding with SARS-CoV-2 Mpro, indicating that these essential oil components when given alone and in a mixture can inhibit viral replication. Non-structural protein 15 (Nsp15), an endoribonuclease of SARS-CoV, is required for successful viral infection (Bhardwaj et al. [@CR4]). (*E*,*E*)-α-farnesene, (*E*)-β-farnesene, (*E*,*E*)-farnesol, and (*E*)-nerolidol showed best binding scores; with Nsp15. RNA replication is catalysed by RNA-dependent RNA polymerase (RdRp) in RNA viruses and is crucial step for viral replication; thus, making it a viable target for antiviral chemotherapy (Shuai et al. [@CR34]). The best docking scores against RdRp were obtained for (*E*,*E*)-farnesol. The SARS-CoV-2 spike protein helps in the attachment of the viral cell to human cell via interaction with angiotensin-converting enzyme 2 (ACE2) proteins present on host cells, making this interface a promising target to prevent binding of SARS-CoV-2 rS to human respiratory cells (Zhang et al. [@CR43]). Best binding with human ACE2 was observed with α-bulnesene, eremanthin, (*E*,*E*)-α-farnesene, (*E*)-β-farnesene, (*E*,*E*)-farnesol, (*E*)-nerolidol, β-sesquiphellandrene, and (Z)-spiroether, respectively. In case of SARS-CoV-2 spike proteins, comparatively better binding was observed with (*E*)-cinnamyl acetate, eremanthin, (*E*,*E*)-α-farnesene, (*E*)-β-farnesene, (*E*,*E*)-farnesol, and geranyl formate, respectively. Overall, (*E*,*E*)-α-farnesene, (*E*)-β-farnesene, and (*E*,*E*)-farnesol showed better binding potentials with target proteins. These phytochemicals are present in variable quantities in essential oils obtained from different plants which can be used used to treat COVID-19 but data from well-established preclinical and clinical studies is required.

Anethole, cinnamaldehyde, carvacrol, geraniol, cinnamyl acetate, L-4-terpineol, thymol, and pulegone {#Sec8}
----------------------------------------------------------------------------------------------------

An in silico study conducted by Kulkarni and colleagues evaluated the efficacy of a variety of EOs present in diverse plant families to block the S1 (also called receptor binding domain, RBD) subunit of spike (S) proteins of SARC-CoV-2. S1 protein is known to be involved in the interaction with host ACE2 receptors. In silico study findings revealed that among the evaluated EOs, anethole, cinnamaldehyde, carvacrol, geraniol, cinnamyl acetate, L-4-terpineol, thymol, and pulegone showed better potential to inhibit S1 subunit of S proteins. Cinnamaldehyde was found to have more favourable binding properties as compared with other compounds (Kulkarni et al. [@CR44]). Another molecular docking study conducted by Elfiky evaluated the activity of cinnamaldehyde and thymoquinone against COVID-19 and SARS CoV RNA-dependent RNA polymerases (RdRps). Data obtained showed that both compounds have low binding affinities with RdRps (Elfiky [@CR8]). Taken together, it is proposed that cinnamaldehyde may block the attachment of SARC-CoV-2. Further in vitro and in vivo studies, however, are required to establish this. The protective effects of cinnamaldehyde in lipopolysaccharide (LPS)-induced acute lung injury (ALI) mice model were evaluated by Huang and colleagues. Treatment with cinnamaldehyde was shown to markedly reduce lung wet/dry ratio and pulmonary oedema in mice. Cinnamaldehyde also significantly inhibited neutrophils, macrophages, and total cell number in the bronchoalveolar lavage fluid. Treatment with cinnamaldehyde decreased the levels of inflammatory cytokines such as TNF-α, IL-6, IL-13 and IL-1β, respectively (Huang and Wang [@CR15]). This data along with findings of the above in silico studies give a clue about the possible beneficial role of cinnamaldehyde in COVID-19, but detailed in vitro and in vivo studies are required to establish its efficacy.

Eugenol, menthol, and carvacrol {#Sec9}
-------------------------------

Silva and colleagues used molecular docking techniques to screen the anti-SARC-CoV-2 efficacies of eugenol, menthol, and carvacrol, major components of EOs, against various proteins targets of SARC-CoV-2. Docking scores revealed that these compounds have binding affinities towards SARC-CoV-2 spike protein, main protease (Mpro), RNA dependent RNA polymerase and human ACE-2 proteins, respectively (Silva et al. [@CR35]). Another in silico study conducted by Kumar and colleagues evaluated the binding potential of carvacrol against SARC-CoV-2 main protease (Mpro) and showed that it has the potential to inhibit Mpro and thus can halt viral replication (Kumar et al. [@CR480]).

Plant extracts rich in menthol have been used in traditional medicine in Asia for the treatment of respiratory ailments since centuries. Menthol has been reported to provide symptomatic relief from nasal congestion associated with rhinitis and the sensation of dyspnoea associated with chronic obstructive pulmonary disease by its specific interaction with a cold-menthol-sensitive receptor (CMR1) located on trigeminal nerve endings (Eccles [@CR7]). Menthol has also been shown to have gastroprotective, anti-inflammatory, and immunomodulatory properties in rat models. Treatment with menthol was found to significantly reduce the levels of pro-inflammatory cytokines, i.e. interleukin-1, interleukin-23, and tumour necrosis factor-α (TNF-α) in the treated rats (Bastaki et al. [@CR2]; Rozza et al. [@CR29]).

Eugenol has been shown to have antiviral activities against HSV-1 and HSV-2, respectively (Benencia and Courrèges [@CR3]). Besides, it has anti-inflammatory properties and has been shown to protect the lungs against lipopolysaccharide- (LPS) induced acute injury. Treatment with eugenol was also found to inhibit the recruitment of leukocytes into the lung and downregulated the expression of pro-inflammatory cytokines (IL-6 and TNF-α) (Barboza et al. [@CR1]).

An in vivo study conducted by Games and colleagues evaluated the effects of three compounds including carvacrol in an elastase-induced pulmonary emphysema mice model (Games et al. [@CR9]). Results of the study showed that treatment with carvacrol reduced enlargement of alveoli, macrophages recruitment, and the levels of IL-1β, IL-6, IL-8, and IL-17 in the bronchoalveolar lavage fluid. The lung inflammation and emphysema were significantly less in the carvacrol-treated mice as compared with the disease control group. Moreover, carvacrol has also been reported to have antiviral activities against HSV-1, acyclovir-resistant herpes simplex virus type 1, human respiratory syncytial virus (HRSV), and human rotavirus (RV) (Kamalabadi et al. [@CR18]; Pilau et al. [@CR27]). In summary, data of in silico and in vivo animal models give a clue about the potential role of **e**ugenol, menthol, and carvacrol in the treatment of COVID-19 but further studies desinged to evaluate the anti-SARC-CoV-2 efficacies of these EOs are required. Figure [1](#Fig1){ref-type="fig"} depicts the effects of these discussed EOs on the host respiratory system as well as on viral and hosts' pulmonary cells.Fig. 1The proposed anti-SARC-CoV-2 actions of essential oils and their complementary effects on the human respiratory tract

Essential oils manufacturers/sellers claims and limitations of current studies {#Sec10}
------------------------------------------------------------------------------

After the emergence of shreds of preliminary scientific evidences about anti-SARC-CoV-2 potentials of essential oils and their active components, various essential oils selling and extraction companies claimed about efficacy of their essential oils bearing products against COVID-19. These claims were immediately noticed by the Food and Drug Administration (FDA) authority of USA and other authorities, and warning letters were issued to the companies selling essential oils with these claims. A warning letter (MARCS-CMS 605752) was issued to a company by the Center for Drug Evaluation and Research, USA and was asked to withdraw the material about anti-corona efficacy of essential oils obtained from *Eucalyptus* species, cinnamon, clove, frankincense, ginger, grapefruit, lemongrass, rosemary, tea tree, and lavender. Another warning letter (MARCS-CMS 607753) was issued to a company claiming about immune-boosting and antiviral including anti-corona properties of a product named 'Nobel laurel'. In addition to these sellers, FDA has issued letters to various companies making false claims about their diagnostic products and other such materials (<https://www.fda.gov/consumers/health-fraud-scams/fraudulent-coronavirus-disease-2019-covid-19-products>). Another issue associated with the use of essential oils is hypersensitivity reactions. Essential oils  containing pinene and linalool are known to cause wide variety of respiratory complications including seasonal asthma and rhinitis in allergic patients (Gibbs [@CR45]). Moreover, some individuals are sensitive/allergic to specific components of EOs and upon exposure may develop a wide range of allergic reactions including contact dermatitis (Burfield [@CR46]).

Conclusion and future recommendations {#Sec11}
=====================================

COVID-19 has emerged as a very serious threat to global health. Unfortunately, very few medications have been clinically shown to have efficacies against SARC-CoV-2 and its inflammatory complications. Drugs having different labelled uses are currently being tried in various combinations as supportive treatments. Essential oils have long been known to have anti-inflammatory, antioxidant, immunomodulatory, and antiviral properties and are being proposed to have activity against SARC-CoV-2. However, the existing information about these essential oils is very preliminary and the majority of claims are based on data obtained from computer-aided docking and preliminary in vitro studies. In this regard, well-planned in vitro and in vivo studies are warranted to establish the safe dose and clinical efficacy of essential oils against SARC-CoV-2. Moreover, keeping in view the multiple pharmacological attributes of essential oils, a combination approach whereby essential oils with established pharmacokinetic and pharmacodynamic properties are administered with synthetic drugs is suggested to combat this viral disorder and its associated complications.
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